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Until recently, the standard surgical approach to con- 
genitally corrected transposition of the great arteries 
(corrected transposition) has been simply to repair the 
associated lesions, which are common and most often 
include ventricular septa1 defect, anomalies, and/or 
regurgitation of the tricuspid valve and pulmonary 
outflow obstruction. 1-5 In this approach, the right 
ventricle is allowed to remain as the systemic pumping 
chamber. Much of the data regarding ventricular func- 
tion in isolated corrected transposition and corrected 
transposition after intracardiac repair of associated 
defects is inconclusive with regard to the ability of the 
morphologically right ventricle to tolerate the pressure 
load of the systemic circulation. However, a number of 
studies have shown depressed right ventricular function 
in corrected transposition, especially during exer- 
cise.6-10 Similarly, as long-term follow-up has become 
available for patients after atrial level repair of simple 
transposition of the great arteries, heightened concerns 
have arisen with regard to the chronic performance of 
the morphologically right ventricle in the systemic 
circulation. 11-13 These concerns, along with the frequent 
dysfunction of the systemic tricuspid valve in corrected 
transposition, have prompted a number of surgeons to 
undertake anatomic repair of corrected transposition, 
in which an atrial inversion procedure (Senning or 
Mustard) is combined with either an arterial (arterial 
switch) or ventricular (Rastelli procedure) level re- 
pair.14-21 In the present report, we describe the various 
techniques we have combined to perform a double 
switch procedure. 
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SURGICAL TECHNIQUE 
1 There are several important anatomic features of corrected transposition that may distinguish the 
various components of a double switch procedure (Senning, Mustard, Rastelli, arterial switch) from these 
same techniques applied in patients with complete transposition of the great arteries (“d-transposition”). 
These include the conduction axis, which is often anomalous in corrected transpositionz2; the tricuspid valve, 
which is more commonly abnormal and/or dysfunctional than in complete transposition1; the right 
ventricular outflow tract, which is obstructed or atretic in many casesz3; the apicocaval relationship, which is 
inverted (apicocaval juxtaposition, right side of figure) or otherwise abnormal (mesocardia) in a substantial 
number of cases1?; and the anatomy of the coronary arteries, which may not be conducive to reimplantation 
as required in an arterial All of these features may complicate one or more of the possible 
components of a double switch, and often influence the combination of atrial inversion and ventricular1 
arterial switch procedures that are employed in a given patient.z0 For example, the location of the conduction 
bundle, which is generally along the anterior rim of the ventricular septa1 defect, may preclude adequate 
resection of muscle to allow placement of a Rastelli baffle in some cases, and may necessitate modifications in 
the technique of patching the defect. Pulmonary stenosis or atresia, o r  simply dysplasia of the pulmonary 
valve, may preclude the arterial switch procedure. Anomalies of the tricuspid valve, including attachment of 
functional tensor apparatus to the rim of the interventricular defect, may interfere with placement of the 
Rastelli baffle or enlargement of the defect. Apicocaval juxtaposition alters the relationship of the atria, such 
that the morphologically right atrium is behind the base of the ventricles, and as a result, an effective 
Senning procedure may be difficult to achieve, limiting the options for atrial inversion to a modified Mustard 
procedure. In some cases, a combination of these features may preclude the double switch option altogether. 
Although preoperative echocardiography is adequate to characterize most of these features, more subtle 
determinations about whether the pulnionary valve is adequate for an arterial switch, or whether a Rastelli 
procedure can be performed safely, must be made on direct intraoperative inspection. Therefore, the first 
steps of a double switch operation must be to determine if this option is possible, and which atrial and 
ventricular or arterial switch techniques are going to provide the best outcome in the particular patient. 
Unless otherwise specified, the procedures described in the remainder of this article will pertain to patients 
with (S,L,L] anatomy and a normal apicocaval relationship (left side of figure). Because of space limitations, 
sufficient ihatrative detail cannot be presented for all of the components of the procedures employed in a 
double switch. The reader is referred to the other articles in this issue for greater detail. 
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2 After dissecting the heart and great vessels, but before initiating cardiopulmonary bypass, the external 
anatomy is examined thoroughly, in particular the coronary arteries. If an arterial switch procedure is being 
considered, the suitability of the coronary arteries for reimplantation is assessed. If necessary, marking 
sutures may be placed in the pulmonary artery in order to delineate the anatomy before decompression of 
the great arteries during bypass. 
The right atrium is entered with an oblique incision that extends from the inferior aspect of the right atrial 
body to the apex of the appendage, in order to facilitate a Senning procedure if appropriate. The right-sided 
mitral valve, ventricular septal defect, and left ventricular outflow tract are inspected through the right 
atrium. If an adequate amount of atrial septal tissue is present to allow for a Senning procedure to be 
performed with an autogenous baffle flap, the septum is incised superiorly, inferiorly, and anteriorly, leaving 
a pedicled flap based posteriorly and to the right. If adequate septal tissue is not available for use as a 
Senning baffle, the septum can be excised, making sure to preserve anterior and posterior rims for use in the 
Senning procedure. If the surgeon decides to reroute atrial flow with a modified Mustard procedure rather 
than a Senning, the remaining atrial septa1 tissue can be excised at that point. Once the septum has been 
taken down, the pulmonary venous orifices and the left-sided tricuspid valve can be inspected. This is an 
important aspect of surgical planning because the tricuspid valve and/or its tensor apparatus are frequently 
abnormal in congenitally corrected transposition, and the choice of rerouting procedures may consequently 
be affected. In addition to the leaflets and hingepoints of the atrioventricular VdVes, the sites of chordal 
attachment to the interventricular septum must be examined, because attachmenu to the rim of the septa1 
defect or straddling into the opposite ventricle may necessitate mouCatiom to the RasteE procedure or 
ventricular septal-defect closure. 
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3 The pulmonary trunk is transected at the usual location for an arterial switch procedure, 
slightly above the sinotubular junction (unless there is known to be pulmonary atresia or significant 
stenosis, in which case the pulmonary trunk can simply be ligated and divided). The pulmonary 
valve is then inspected to assess its suitability for use as the systemic semilunar valve in an arterial 
switch procedure. The subvalvar (subpulmonary) left ventricular outflow tract is inspected through 
the pulmonary valve, as well as through the right atriotomy. Malalignment of the conal septum or the 
presence of a significant subpulmonary (ie, left ventricular) conus may predispose to subaortic 
obstruction after arterial switch, or to baffle obstruction if a Rastelli procedure is performed. 
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4 If, after inspecting the pulmonary valve and left ventricular outflow tract, an arterial switch 
appears to be a good option for rerouting left ventricular blood flow to the aorta, the aortic root is 
incised transversely at the usual location for an arterial switch and the coronary ostia are inspected. 
In corrected transposition, the alignment of the aortic and pulmonary valves is often imperfect, such 
that the commissures between the facing sinuses of the two valves do not line up. Also, the coronaries 
often arise relatively high on the aorta and far from the pulmonary artery, and have a relatively 
short proximal course before branching. These factors may complicate coronary transfer, and 
should be assessed before the decision is made to perform an arterial switch. Assuming that 
coronary transfer is feasible, neoaortic reconstruction can be performed at this point. The 
aortotomy is continued and the anterior and leftward aorta is transected. Large coronary buttons 
are excised and the proximal coronary arteries are mobilized. 
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5 The sinuses 
accommodate the 
of the pulmonary artery (neoaorta) are incised in the appropriate location to 
buttons. A variety of coronary button implantation techniques may be employed, 
as appropriate, using nonabsorbable monofilament suture. In light of the common differences in 
coronary anatomy between corrected transposition and classic transposition, it is frequently 
advantageous to augment the coronary buttons in order to minimize tension on the coronary 
anastomoses, either with autologous $ericardium or by incising the pulmonary artery sinus laterally 
and inferiorly and turning out the resulting medially based flap. After reimplantation of the 
coronary buttons, the Lecompte manuever may be performed, depending on the relationship 
between the aortic and pulmonary roots (often side to side), in an effort to minimize tension on the 
neopulmonary artery anastomosis. The distal ascending aorta is then anastomosed end to end to the 
neoaortic root, with continuous 4-0 or 5-0 absorbable monofilament suture. Reconstruction of the 
neopulmonary artery is typically deferred until completion of the intracardiac components of the 
repair, because it can be performed during rewarming in an effort to minimize bypass time. 
In patients undergoing an arterial switch, the ventricular septal defect may be closed with a 
combined approach through the neopulmonary valve (after transection of the aorta) and the 
tricuspid valve (after taking down the interatrial septum for construction of the Senning or 
Mustard). The defect is closed in standard fashion, with interrupted pledgetted sutures placed in the 
right ventricular side of the septum, which may help minimize atrioventricular block, given that the 
major conduction axis typically runs along the left ventricular aspect of the anterior rim of the 
septal defect. If necessary, the posteroinferior portion of the patch may be sutured to the left 
ventricular aspect of the septum through the right-sided mitral valve. 
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6 In long-term follow-up series of patients undergoing atrial inversion operations for transposi- 
tion of the great arteries, those who received a Senning as opposed to a Mustard procedure seem to 
experience fewer complications. Thus, a Senning operation is generally preferred to a Mustard 
procedure if possible in patients undergoing a double switch. Among patients with corrected 
transposition, a Senning procedure is most likely to be applicable when apicocaval juxtaposition is 
not present (although a Senning can be performed in some such patients), and when it is not 
necessary to reduce right ventricular preload with a superior bidirectional cavopulmonary 
anastomosis (see 9). 
Depending on the atrioventricular relationship, which can vary considerably in corrected 
transposition, the details of a Senning procedure in this setting are fairly standard. After the 
decision has been made to perform a Senning, a left atriotomy is performed between the interatrial 
groove and the junction of the right pulmonary veins with the left atrium, extending just beyond the 
inferior and superior margins of the pulmonary venoatrial junctions. The roof of the pulmonary 
venous pathway is fashioned by sewing the previously mobilized autogenous flap of atrial septal 
tissue (or a patch of autologous pericardium if necessary) to the posterior wall of the left atrium 
above, below, and to the left of the atrial openings of the four pulmonary veins with a continuous 
suture technique, taking care to avoid impingement on the pulmonary venous ostia. Various 
techniques can be employed to augment the septal flap with native tissue if necessary, including 
cutting down the coronary sinus into the left atrium, using residual tissue from the fossa ovalis, 
and/or splitting the septal flap (limbus) to decrease its thickness and increase its width. If an 
autologous pericardial patch is used because of deficiency of the native atrial septum, the remaining 
edge of the patch is sewn to the posterior rim of the septum. 
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'f The anterior rim of interatrial septum is then sewn to the rightward edge of the right atriotomy 
(the anterior edge of the right atrial flap) to create the roof of the systemic venous pathway. The 
inferior and superior apices of this anastomosis are brought together by suturing around the orifices 
of the inferior and superior cavae. The anterior wall of the pulmonary venous pathway is then 
completed by suturing the free edge of the right atriotomy to the posterior edge of the left atriotomy. 
Direct anastomosis may be facilitated by extending perpendicular incisions from the right atriotomy 
anteriorly onto the free wall of the right atrium, thus adding length to the anterior flap of right 
atrium and enhancing its mobility. Another option for completing the pulmonary venous pathway 
without impinging on flow around the intraatrial baffle is to augment the anastomosis with in situ 
pericardium. The right phrenic nerve is carefully dissected away from the right parietal 
pericardium, from which a posteriorly based flap is then created. The base of the flap is sutured to 
the posterior edge of the left atriotomy using a continuous technique, and the superior and inferior 
edges of the pericardial flap are then sewn anteriorly across the superior and inferior cavae. The 
pulmonary venous pathway is completed by suturing the free edge of the right atriotomy to the 
anterior edge of the pericardial flap. 
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8 In patients who require a Mustard operation for atrial level rerouting due to apicocaval 
juxtaposition, a standard Mustard baffle is constructed from autologous pericardium. The patch is 
generally about as long as the intercaval distance and half as wide, with a slightly narrowed waist in 
the middle portion. The suture line is started at approximately the mid-point of the posterior edge of 
the baffle, directly to the left of the left pulmonary vein orifices. Using a continuous monofilament 
nonabsorbable suture, the patch is first sewn to the posterior wall of the left atrium above, below, 
and to the left of the pulmonary veins, thus constructing the roof of the pulmonary venous pathway. 
The caval extensions of the patch are then sewn around the orifices of the inferior and superior 
venae cavae, and the anterior anastomosis is completed by suturing the remaining free edge of the 
patch to the anterior rim of the excised atrial septum. In patients with apicocavaI juxtaposition 
undergoing a modified Mustard operation as part of a double switch procedure, extra care should be 
taken to ensure that the systemic venous pathway does not become obstructed at the level of the 
cava-baffle junctions because the anteroposterior dimension of the morphologic right atrium is 
shorter in those patients than in patients with the usual apicocaval arrangement. 
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9 See legend on next page. 
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9 Probably the major shortcoming of the double switch procedure is that it includes a Senning or 
Mustard atrial switch, which may be complicated by venoatrial obstruction or supraventricular 
dysrhythmias. This might be particularly problematic in patients with corrected transposition and 
apicocaval juxtaposition, as was found to be the case in the series reported by Yagihara et al.16 
However, there are options that might help reduce the frequency of such complications. In four 
patients with corrected transposition, we have used a modified Mustard procedure in which the 
intraatrial baffle was not extended to incorporate the orifice of the superior vena cava, with 
superior caval return diverted directly to the pulmonary circulation by means of a bidirectional 
cavopulmonary anastomosis. With such a procedure, the atrial suture line is significantly less than 
with a standard Mustard or a Senning, and the region of the sinoatrial node is avoided completely; 
these modifications may help reduce the likelihood of some of the more common electrophysiologic 
complications of the Mustard operation. In addition, not extending the patch to the superior vena 
cava allows greater room for the pulmonary venous pathway, which is likely to minimize the 
potential for venoatrial obstruction, especially in patients with apicocaval juxtaposition (shown in 
this figure). This procedure may be useful not only for avoiding atrial complications, but in other 
circumstances as well. For example, it may allow biventricular repair with a double switch in 
patients with corrected transpositioddouble-outlet right ventricle and a small right ventricle or 
pulmonary outflow tract, or  patients with apicocaval juxtaposition. 
The intraatrial baffle in this modification is tailored to be shorter, but just as wide, as that used in 
the standard bicaval Mustard procedure. It is first sewn around the leftward and anterior aspects of 
the left-sided tricuspid valve, several millimeters above the valve ring. The baffle anastomosis is 
continued along the posterior wall of the left atrium, inferior to the ostia of the lower pulmonary 
veins, and along the anterior aspect of the left atrium across the plane of the septum. Once the left 
atrial aspect of the baffle is complete, the baffle can be tailored, if necessary, for completion of the 
inferior caval arm, which is then sutured around the orifice of the inferior vena cava in a similar 
fashion to the standard Mustard procedure. Because of the increased room superiorly for 
pulmonary venous flow, a wider margin can be taken around the inferior vena cava in order to 
minimize the likelihood of inferior caval obstruction. In this example, the modified Mustard 
procedure is combined with the Rastelli procedure. The intraventricular baffle (B) and right 
ventricle to pulmonary artery conduit (C) are shown. 
A standard bidirectional cavopulmonary anastomosis is then performed during the rewarming 
period. 
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10 See legend on next page. 
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10 A Rastelli procedure is performed for ventriculoarterial rerouting if, for any reason, an 
arterial switch is contraindicated. Such circumstances include atresia, stenosis, regurgitation, or 
other abnormalities of the native pulmonary valve, as well as situations in which there is 
subpulmonic left ventricular outflow tract obstruction that cannot be adequately relieved. A Rastelli 
procedure in a patient with corrected transposition is similar to that in a patient with classic 
transposition of double-outlet right ventricle. However, there are several important differences, 
notably (1) the abnormal location of the conduction axis in corrected transposition, which must be 
taken into consideration in order to avoid heart block, both when sewing in the Rastelli baffle and in 
the event that the ventricular septal defect requires enlargement; and (2) the inverted relationship of 
the right ventricle with the aorta, which requires a modified spatial orientation of the baffle. 
A baffle is constructed from either a cylindrical vascular graft, glutaraldehyde-fixed autologous 
pericardium, vascular allograft, or a sheet of synthetic patch material. The dimensions of the baffle 
will depend on the relationship between the ventricular septal defect and the aortic valve. If 
necessary, the ventricular septal defect may be enlarged by excising a segment of the posterior limb 
of the septal band, or a smaller segment from the anterosuperior rim of the defect. Care should be 
taken to ensure that this does not impair the function of the tricuspid valve tensor apparatus, which 
often inserts on or very close to the rim of the septal defect. If the ventricular septal defect cannot be 
enlarged without compromising the function of the tensor apparatus, a modified REV procedure 
may be an option. With this technique, the anomalous chordal insertions are raised from the septum 
as a pedicled flap of septal wall based away from the defect, after which the Rastelli baffle is 
constructed and the flap is secured to its right ventricular aspect.25 Because the conduction axis in 
corrected transposition typically runs along the anterior rim of the ventricular septal defect, it is not 
possible to enlarge the ventricular septal defect by resecting the more ample anterior muscular rim 
of the defect without a substantial risk of inducing atrioventricular block. 
Interrupted sutures reinforced with pledgets are placed around the edges of the defect and the 
aortic root. If necessary, the sutures along the posterior rim of the defect may be placed through the 
annulus of the anterosuperior leaflet of the tricuspid valve. The baffle is sutured first to the anterior 
and posteroinferior rims of the defect, which allows for tailoring of the patch. After adjustment of 
the patch dimension, the remainder of the patch is sutured around the aortic root as in a standard 
Rastelli procedure. 
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11 After completion of the intraventricular Rastelli baffle, the right ventricle to pulmonary 
artery conduit is implanted. This is a critical component of the double switch procedure, because it 
is considerably more difficult to place a right ventricle to pulmonary artery conduit in some forms of 
corrected transposition than in other procedures employing a conduit. Because of the posterior 
location of the pulmonary artery and the long distance between the infundibulum of the right 
ventricle and the central pulmonary artery, the conduit is generally longer than typically used in 
other situations. Moreover, in the setting of normal apicocaval relationship, the path from the right 
ventricle to the central pulmonary artery passes beneath the sternum. Together, these factors may 
make it difficult to fit the conduit in the mediastinum without causing compression. In other 
anatomic variations, conduit placement is less problematic, such as when apicocaval juxtaposition is 
present. In this situation, it is usually possible to pass the conduit along the left border of the heart 
and to the left of the aorta (assuming situs solitus). Ultimately, conduit placement will depend on the 
specific anatomy, which varies considerably. In any event, we generally attempt to implant the 
conduit at a lateral angle in order to minimize the chance of sternal compression. 
After selecting a lie for the conduit that appears to have the lowest profile and smallest chance of 
compression, the distal aspect of the conduit is anastomosed to the central pulmonary artery using 
continuous nonabsorbable monofilament suture. This may be performed without aortic cross- 
clamping. The proximal end of the conduit is then anastomosed to the right ventriculotomy during 
the rewarming period of cardiopulmonary bypass. It is often advantageous to augment the proximal 
anastomosis anteriorly with a hood of patch material, o r  with the anterior mitral valve leaflet if an 
aortic allograft conduit is used. 
McELHJNNEY AND REDDY 298 
12 In patients undergoing an arterial switch as part of the double switch procedure, the 
neopulmonary artery can be reconstructed after completion of the intracardiac repair, during 
rewarming. The defects in the sinuses of the neopulmonary artery are patched with autologous 
pericardium, or with patches of allograft or synthetic material if adequate pericardium is not 
present. The pulmonary artery is anastomosed to the reconstructed neopulmonary artery root using 
with 5-0 or 6-0 absorbable monofilament suture. A cardiotomy suction catheter is placed in the 
pulmonary artery to prevent backflow from obscuring the operative field. 
Coininent 
Many surgeons who perform the double switch proce- 
dure recommend this approach primarily in patients 
with corrected transposition in whom there is systemic 
right ventricular or tricuspid valve dysfunction. Al- 
though it is this group of patients in whom anatomic 
repair offers the greatest immediate benefit, we prefer 
to perform a double switch procedure in all patients 
with corrected transposition and no contraindications, 
including those with intact systemic right ventricular 
and tricuspid valve function. Although there is no 
strong evidence that anatomic repair with a double 
switch procedure will improve chronic ventricular func- 
tion in patients without a compromised right ventricle, 
the data of Imai et all7 suggest that mid-term systemic 
ventricular performance in patients with a double 
switch may be somewhat better than in patients who 
have undergone conventional repair. 
Despite our position on this matter, we realize that 
the double switch procedure is not the optimal ap- 
proach in all patients with corrected transposition and 
two adequate ventricles. There are a number of ana- 
tomic factors that effectively preclude one or more 
elements of the double switch operation, and in some 
instances offer no option hut to leave the morphologic 
right ventricle in the systemic circ:ulation. The rela- 
tively high incidence of native pulmonary outflow tract 
pathology in corrected transposition leaves many pa- 
tients unsuitable for an arterial switch procedure. 
Likewise, construction of a left ventricle to aorta baffle 
can be complicated by an unfavorably sized or located 
ventricular septal defect, which may be difficult to 
enlarge because of the anterior position of the conduc- 
tion axis in corrected transposition.” Similarly, intra- 
ventricular baffle techniques may be difficult in the 
presence of anomalous atrioventricular valves, espe- 
cially with chordae that attach to the septal crest. A 
combination of these factors has prevented us from 
performing a double switch procedure in at least two 
patients over the past several years. 
One of the major technical advantages of a double 
switch procedure over conventional methods of repair 
is that the ventricular septal defect may be closed either 
through a right ventriculotomy (in cases of Rastelli 
repair) or through the neopulmonary valve (in cases of 
arterial switch), because the morphologicab right ven- 
tricle is switched to its natural role in the pulmonary 
circulation. This allows more ready accessibility to the 
right ventricular aspect of the septum than do tradi- 
tional techniques, which is im1)ortant from the Point of 
view of avoiding the contluc-tion tissues.22 Although it 
has become standard procwlure to Place the Patch on 
the right side of the septum with conventional repair as 
well, surgical heart block remains a significant problem 
with such an approach. I n  contrast, we are aware of 
only two cases of surgical heart block that have been 
reported among approximately 60 patients in the double 
switch literature. 14-21 
A variety of approaches have been described for 
anatomic repair of corrected transposition, in patients 
with the full range of anatomic variations, including 
situs solitus, situs inversus, situs ambiguous, and with 
usual and juxtaposed apicocaval relationships. In  this 
article, we have presented several of the approaches 
that we have employed for anatomic repair of this 
lesion. To be sure, there are a number of unresolved issues 
concerning the double switch strategy for managing 
corrected transposition. Ultimately, long-term follow-up 
will be necessary to determine if the anatomic repair 
approach favorably influences the natural history of 
corrected transposition when compared with less aggres- 
sive surgical approaches in which the right ventricle 
and tricuspid valve remain in the systemic circulation. 
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